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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a 
semiconductor laser element that has a small oscillation 
threshold current and a high characteristic temperature 
and radiates a high- quality laser beam having a circular 
form. 

SOLUTION: This edge emitting type semiconductor 
laser element has an (Alx1Ga1-x1)y1In1-y1 Asz1P1-z1 
clad layer (wherein. 0<x1<l, 0.5<yl<1, and 0<z<1) which 
has a lattice constant between those of GaAs and GaP. 
a stripe- or tapered stripe-like Gay2In1-y2Asz2P1-22 
active layer (wherein, 0<y2<1 and 0<z2<l) which is 
extended perpendicularly to the end face of a 
resonator, and an optical waveguide layer. This laser 
element also has a spot-size converting region E2 in 
the end face section of the resonator. 
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-r^Jlioh. 9cr. Ga As P^ISI 0 1±IC, n~Ga 
A s P/'<5/:7r— ^1 0 2, HKOn-AlGalnP 

^=7 y\^MlOZ, n-G a A s P:3i:y^>-i/f^ih^ 1 
0 4 $rJlii!fetC^^^:i: Lfc^. Hi 3 (7!) ^ p tC, 

JX^ 1 1 7^fl^^U. mi 4 tC^-t-J:dtC. -^2(0x1- 



AlGalnP^^^yK^llS, AlGaIn P^fe^ 
i^^lOS, G a I n A s P^t±^l 0 6. AlGal 
n P^i^l^ii 1 0 7, mi(Dp-A\Ga 1 nPi^y y 
K^10 8, p-G a A s P3i5/=f->'i/fS^ih^l 0 9(D 

6 JCli, ^m^m^^ ebOnmttji ^^mm^io^<DG a 
I n As P^:ffiV^TV^So ^/c, 0 6(7:)J^$H 

3 0 0Ai:LTl^'5o f^^l0 6(D^m.\^As^mK. 
^ZtX\ 6 5 Onin^-^(0:^iS:^^b^5^^iC/.^o-CV^ 

6 3 5 nm^^(0{ifecOi^ftT'feoTtj^V\ 

[0 0 7 2] ]u_o . nil . HI 1 2 (Pm^x^n. Ml. 

(#t^^^^®i3J) K3t)mfi^^ix^o 
[0 0 7 3] ziDmti&mixn. 1 1 7<Dmn^ 

$^400/2m. m^B,3<D^^^5 0 umt\^X\f^ 

1 1 7<7?^P^ii(i. ^i^E 1 <h E 3 7 : 
1 Jl^JlilCT^^ -Sip Z t ibmt. bl \ 

[00 74] A 1 ^m^7m\c^tf^mimi^<Dm^ 

^^^fiSLM-^^^±X(DA\(7)^Wi:^^i)^G a^l 

nm\cit^xm.\^^rcMc^m\c^^^Bf^Mx^ ^^i^com 

[0 0 7 51 ^fc. l^lOn-Al Ga I nP^7!X K 
® 1 0 3 li. 2 . E 3 T'U-1f^(7)Sii:;^[Rj5>^ 

;55^^>[-/^^(O^I5^Cfci^)iCi^ttP5Kri^5o Gal 
nPmm^m^'^m^it. ^^(CiSe 5 0nm^<O)t 
@ii|XtiilV^;d5. Ga A sa.Pa.J:«!}Ga Asi^O::^^ 

#?^^Ga As PS^r-ft. mRU^±]:^^(ox\ mi(D 

n -A 1 G a I n P ^ 5/ 1 0 3 ti. +5^J:tJf:^JC 

[0 0 7 61 m^^-^^^ 1 1 7^|^*U, ^ 

^:^®tC^Lr. ^2(^p-Al Ga I nAs P^y y 
K®119, p-Ga I nP^'rDy^>"?><^iSifgl 1 
0. p-GaAs P^V^^ h^l 1 KOfij^ft^tTJ^i 

Po ^2<^p— A IGa InAsPr5'^:yK^l 19 

\cf^^i.m<n^~^x^^^. 

[0 0 7 7] m 1 5 (C;^i-J: 9 tC, h v 

-fXir/^a^ittct-i^v^^ H-^^^^' 1 2 0Sr^it> =»>'^$' 
1 1 l7!i=ff>G a A s P3:o/5^v^^ih® 1 0 9* 
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tzm 0 4^x<D^m^it^=^y'^>'^^^^^x^^ 

^ 5^ ^ V iJ^*- J: o -r ^ D 6 ^® Wil- J: o T ^^^^^^ 
(g:Ti-5(0^g35Jhi-afc:ie)l-^ix^>^^^ h';/Xgl 0 
9 ^mn. ^20p-AlGa InAsP^^-;/Kiil 

[0 0 7 81 ^^^®{- S i 02^^^ 112^ 

v^T^ ^D-f^ mcomkmi 15XV yi>^mit>72< 

:=Lly^^ l-bClpfiJ:^— ^ y^WMl 1 3 

[0 0 7 91 z.(DX^\cL.xi'^m^tircmjJi, ai 

i. II 1 2 ^^i:^ . IIM^0f£;dst?^5l?<DG 

a AsS^_b(^^^^($:u- if^^{c:Ji-<T^£<, MitJ^ 
ft:^;On l** , 7K¥im^;^n 0' i: t:'-A?fm*i^^ 

[0 0 8 01 SffiM2. 

[Ml 6 . (ill 7 . m 1 8 coi^ifeM 2 (D^mi^ 

— if^^^^-Tia-Crfo^o /<^fc\ El 1 6 MX 

7< tiii 6 CPA- A' m\^i^n^mmm. liii s t^nii 

UTV^-So -r/^tpib. ^16 . ^1 7 . [^18 

n-Ga As PStS2 0 iJilC. m^^tl^X. 
n-GaAs P/'<5/7t— ®202, ^l(On-AlG 
a I nP^^5/ K^2 0 3, n — G a A s P^x^^y^^^i/ 
204, ^2C0n-AlGaInP^7:yK^2 
18. T:^K— XGa I nP^2^j^^2 0 5. TVK— 
:rGa I n A s PSH4®2 0 6, T^'K— XGalnP 
207. mi<Dp-AlGaInP^7iyK^ 
2 08, ^2(7:»p-A 1 Ga I n P>^^ .y K®2 1 9, 
p-Ga I nP--^Xcr^/NVi7^^^jl2 1 0, p-Ga 
As P=i>.i5r^ 1 l;5S|iii^:tc^^^tuTi^-5o 
[0 0 8 11 :i::T% HKDp-AI Ga I nP^^>' 
K^2 0 8;&^b^20n-A 1 G a I n P ^ 7 5/ 2 

it) (P{RfM**> p-Al I n PM*^)3Zi^^2 1 5, n~ 
Al I n PSi6iZi^^2 1 6tCj;orffi*^)3A^HTl> 
-^tc. p-Ga As P^V'^^J^ h®2 1 limtl, 
pfliimil2 1 3;ii5?i^;7fe^ix. m^2 0 ICOMmz 

fi. nf|iJl:1^2 1 4 7)5fl^J5jc^i^rv^^o 

[008 21 tui 6 . mi 7 . lEii s (D^mi^u—^m 

^11. n-G a As P^tR2 0 iJLlCMOCVD^fetCj: 
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i^i^c<. Ga As tG a p<D^m<om^m^^x\^^ 

i-fj^ioh. G a A s P^1iS2 0 l±tC, n-GaAsP 
y<>yyr—M2 0 2, ^l<Dn-Al Ga I nPi7^2/ 
K^2 0 3. n-Ga As P^!y^>i/f^Jh^2 0 4S: 

lGaInP^7 5/K^218, Gain P^m^M 2 

0 5, G a I n A s P^+^2 0 6, G a I n P^t^i^ 
^2 0 7, ^ICOp-A 1 Ga I n PiJ^^ y K^2 0 8 
<Dm^-^i:nfj^^o ^i*3, Jl2jO(iJlUL<^B-B' 

m^is\-f^mmmx*h^. ^tz. ^tM2 0 6(cfiAs 
^miii.tzm.mmm^m\^\ mm^^ne 5 o nmic 

^Lfco mi^2 0 6<Dm^m0 0Ati. 

fco S^2 O 1 IC^^^M^-r-Sm^t^G a I n P 

3t#i^^2 0 5, 2 0 7 <7:)^IlJ^«tiiti 2 . 23eV^B 

[0 0 8 5] ^fc. rcD^:^^j2T-fl. ^20n-Al 
GaInPi5^^iyKJi21 8 ;6*^jl^:g^§^^UTV^ 
6:5^ Gain P3t^^S^2 0 5;?>^ibGa I n A s P^ 
^ 2 0 6, Gain P^/tm^M 2 0 7 ^T'^^^:^ 

[0 0 8 61 ^t-. m^^-^^^ 2 1 7^[^*U. M 
2 1 tC^-r J: 9 i-> 3l^:g^^<0 >^ h 

/.C-S^^tCS i 02-^;^ iJ^ 2 2 O^^tt, ^.y^V^f? 
Ih^2 0 4*T-fk^3iy^^xi/^^TV^5 AimJ|ii<Dy yi^^ 

:^ hy^zf^m^-t^o ^S^t-. S i 02^y^^ 2 2 0^ 
p-A 1 I nPig2 1 S^fifeSU JSfct-n-A 1 

1 nP^2 1 6Sra4?>ii^]^^:^UT. fiiJlt^^fllit 

[00 8 7] :i(Dmmm2xn. m^mm^^A i ^-^^ 

(DX\ M2tOn-AlGa InPi5'^:yK^21 8^T* 

Co 0 8 81 S i Oj-^;^ii^ 2 2 O^I^^L. H 

2(0p-A 1 Ga I nP^75/ K^2 1 9, GalnP 

^'rx2:^y<y( ^mWM2\0, Ga As P='>i5'^ 

2 1 1 ^j{^^B^gi-'5o iS^lc:. vm2\\l,\:L 
pm:!^-'^y^Wm2 1^^mj&i-^. ^*R2 0 
1 co^ffit:: n fl!j;?l— ^ :y ^ 2 1 4 ^?i^fi5ci-6o 

tc. --tgiJci:^). [j l 6 . m i 7 . Hi S (D^mW^^ 

[0 0 8 9] :l<dX 0 \z,\^Xfm^f\.tL m 1 -6 . Hi -' 



7, iii8<^i|^^f*:w— )fe#i^^;i5Ga I n 

X^ofz., ^tz. ill 6 . 7 . 8 C0^#f$:i^- 
•t^'^^li. SiEJW^;^^ 2° . y\^W-mim^l 0** "C 

[00 901 ±3iiiufc^:^j5ij 1 . mmm 2 xnG a a s 
pmm^m\^^fz^K w<?5ft!Jict>. ca i np^^=sr^ 

(0 0 9 11 ^J^0ijl. ^*£0ij2T'fi. ^m&m 

fj:^(Dm^^mt^'^x:^n^y Mf^X^m^*^E2^ 

^{tfc;6^ :iof{!i('^. A\ Asm^mit^^tzimm 
mm ^^^i^^^m(Dmm^p^ ntzmmxho x 

[00 9 21 m^ms 

m2 2 . 112 3 . lL2_4fi:$:^0J(?5^Jg^!|3O^^(^lx 
3t mi2 2 OA- A' j^t::JottSt9fSll. ^ 2 4 2 

G a A s ^3 0 1 JildG a A s P^^Wt 

fP^3 1 7^^Lr^^9^5;^|5^T^:?^^-rv^^. ^fc. ^ 

ifeCRj 3 <^^^«c ^~t^'^^r-^i. 3 0 6 li. 

^5jf >;/ M^^X^^tiJ*E2 (*5J:U^^^E3) JiCO- 

U<o^M^^^y^^ vm^^xm^tm^^f\.X\^^::L 

[0 0 9 31 't'^iit>'h. a2_2. 1^2 3 . 1^ 2 4 $r^Rg 
■r^b. %imZ(0^m^\y—^%=^'V^. n-GaAs 
S^3 0l±tC. Ga As P*&^i^?P®3 1 7^^U 
T. ^^F-lfiSi: LT. n-GaAsP^^'y>'r— ^30 
2, MlCOn-AlGaInPi:7^.;/K^303, n- 
G a A s P^^/^^-^^^Jh^S 0 4, ||2<;:>n-AlG 
aInP^^5/K^318, T:/ K— :7"G a I n P^^ 
3 0 5 . T^- Y—^G a I n A s Pfi^^F^I^ 
3 0 6, r:/ K— T^G a I n PitM-^MZ 0 7, ^ I (O 
p-AlGaInPi?'^>^Kii308, ||20p-Al 
Ga I nP^7 y KJi3 1 9. p -G a I n P^7^ n :x 
y<^i:^mmm3 10, p-GaAsPr^^^^J^^h^Sl 

i;i5jii^sj5:tcS^^nTV>5. 

[0 0 9 41 rr-C. HKDp-A 1 Ga I n Pi7 7 5/ 
K^3 0 St)^h^2<Dn-A 1 G a I n P 7 3 

1 s^x^^D y'jy^vy^-:^ mmmmnm t \^xm 

m) (Ommit. p-A1 I nPS^^J^^^^S l S, n- 

Ai I n ps^^iz^;^^ 3 1 eld ct or M^63Z^^nTv^ 

6p ^tz. p-GaAsP^^'^'i^ hm3 1 l±tCti, 

(i. nmmms 1 4r^m^^rix\^^^o 
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[0 0 9 5] *fc. mmm3(o^mi^\^—^'m^'(:'n. 

I 0 0 9 6 J 112 2 . 112 3 . IH 2 4 (^4^3^^ l^— 
^11. GaAsS^SO l±lCGaAs Pt&^^fP^3 

G a A s Pl#^^J^?P/i 3 1 7 ti. i^^G a A s :^^hG 

r<Djm^<l^g(^±|fPi;iGa As 

0. s p 0. sm.—'^m It 6 :i ^ i o T jfM ^ V ^ 

6o G A A s ^^hcD^^^mmt- 1 . 4%T-fc6o * 

a A s p^^fum 3 17 (Drnm^mmi^-r^ r t ;ds-e 

[0 0 9 7] ^fc. ^^^HJ!)c(OJ:^tcf^il$n^o i- 

tl:i:>h. 5fe-fs Ga As Pi^fP^3 1 7±tC, n-Ga 

A s Py<)yyT'~M3 0 2, ^1 cDn-A 1 G a I n P 
^yyVmSOS, n-Ga As PJ^>>'^:/:/f^jJ:®3 

0 4 Ufcm. Ilife^iJ 2 ^ ^ < I^IHt- Ix- 

-^y^^ ([H^iir-f) ^fMU. ^2c7)n-A 1 G a I n 
P^7:xK^3 18. Ga I nP^^^®3 0 5, Ga 

1 nAs P»^=^^F?SH4M30 6, GaInP3t^^ 
307, ^l(^p-AlGaInAsP^^7 5/K®30 

[0 0 9 81 rr-C. fi514^3 0 6<D^S^g2:gliAsS§ 

g:L, 6 5 0 nml;i;:c^ J:^(ciiffiE^fToyto * 

[0 0 9 91 •^m'lhmmffymk. ^m^^^-y 

T. y ,y v?;^ h^^:/^ffMU. A 1 I n P^3 1 5, 
T[^*UTp(R'jmil3 1 3^fl^^^6o ^^3 0 

--^^iciip. 112 2 . 11 2 3 . m2 4 <r>^mi^i^ 

[OlOOl Z<DX0 (dffifel^nfci ll 2 2 . 1^2 3 . M 
_24.<^*^^»:^-1^'*-?'»*. :^7K5. Mh-f ^3E«l««ctlJ 

E 2Rv^mm^ 3(Dmmm^^^rm'=F^^m\^m 3 0 
6 (DM^m<Lm(D^^^ji^^—dmM m«cE 2 <Dmm 



[01 Oil z(7^mmm3(D^mi^i--^m'f-x\t.. m 
(0102] mmm4 

[12 5 . 2 6 . m2ji_n:^^m<Dmmm4<D^mf^^ 

2 5gOA-A' B\:i:}6n^m^m. (112 7 [ 2 S OB 
^1??iJ2,!:(^^(c^®^4^?KM^f*:i^'-f-'^^ 
TJi. ^^4 0 6|i. y.^y M^^X^Ife^«cE 2 

(*5j:t/^«E 3) ^:i^x{tBimm^mi!kt Lxm^ 
xit^mm^^mmmiR^i^m^mt^nti h(Dtfj: 

(0 10 31 -r/jtfc)^. [12 5 , il2 6 . m 2 7 ^^Bj 
•rai. n-Ga As P^4 0 *^$|Si: U 

n-Ga As P^<'y:7r"-)14 0 2, |^l<Dn-A 

IGalnAsPiJ'yy 403, n— GaAsP^ 
y^l^^W±m4 0 4, m2(Dn-A 1 Ga I n A s P 
^y y\^m4 1S, rvK— ^Ga I nP3t#i6M4 0 
5, T:^ V—y^G a I n A s P^t^4 0 6, Tl^ 
>^G a I n Pyt^^m4 0 7. ^1 COp-A 1 G a I n 
A s P^'^iX K^4 0 8. ^2(7>p-Al Ga I nAs 
P^7i/K®4 19, p-Ga I nP^xojXy-^^r^i^ 
^^4 10. p-GRAsP=t>^^^ hm41 lidm^ 

[0 10 41 rrT% f^l<Op-A 1 Ga I nA s P^ 

yy K^4 0 8;5)^b||2cOn— A IGalnAsP:^^ 
y K^4 1 8^T'dS!; :yv?^ hy^Zf (m^ft^^^it) 

mm^mm) <Dmm^ts p-ai i npmitiz,:^m4 i 

5, n-A 1 I n PJilfc^>iZi^^4 1 6lCj:orS«6iZ^* 
^^TV^5o :^^C. p-Ga A s P='>'^^ hil4 1 1± 
iCli, p{Kijm^4 1 3;JSjgfife$ft. ^fc. ^^4 0 1(0 
SMlCt^. nfli]®^4 1 4^5^^^ttTVN6o 

10 10 51 t.tL. mmm4(o^mi^\^—^m'Fx\i. 
mmEs) i;x^x\^Bfm^^mmti.xr^}^^ti. y^ 

2 (*5j:t/^^E3) T'HS^ 

^^&^^1t5t;I»5jl^6<3tcMf^/^{k $ t> ^ o T ii5 

E3) ±C0— ^CO^^^i^iii^^^ hm4 1 l*5j;t>*li:^ 

4 1 3tm^^tlX^^^. 

[01061 a2_5 , J12J1 . 1D2 7 (D^mi^l^—^m 

mmm2 tmm^^m: ^)®icj:ot; g a a s 
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P^4 0 i±{c'i^^f^^%:nfJ:o:it\:iXoXim^ 
(0 10 71 G^AsP^WL^OKOm^nG 

[0 10 8] ^/c. ^^^{i. llk(DX^\^i'fm^ri^o 
i-^^i:>-h. Ga As PS^^4 0 lid. n-GaAsP 
/<,x:77— ^4 0 2, ^liDn-A 1 Ga I nAs P^ 

7';/K^4 0 3, n-G a A s P:3^ .y5^:/^^^±ii4 0 

2cr)n-A 1 G a I nA s P^^7:y KM4 1 8, Gal 
nP^a^?^^4 0 5. G a I n A s P?§ti^ 4 0 6 , G 
a I n P^^^M4 0 7, ^1 COp - A 1 G a I n A s 
P^y y K^4 0 8c?:>jl^S^fT?^?9o 
[0 10 9] r:iT% G a I n A s P?Sti]i4 0 6<^l|[ 
$(13 0 OA^ UfCo 

[0 1 10] G a I n A s PfgH4^4 0 6(1. 

4 0 6<omJi:g^3®l&^Srfl^^Uyh:l^lit?^MSt:^;65 
6 5 0 nmlc:7:i:6J:3t::m^^P^byco ^{z^ 

mti.xn^ 0y;t(^, ^^E2s.t;^E sjci^p^i^os 

ioTS i Nx•^;^^:^-c^^^i^rv^/j:v^^^E 2. ES 

So 

[0 111] ?>:tc:, S iNx, Zn0^e^*b:fc^> ^ 

lt^j2 ^[^1^t;iy :yv^^?fMU. Al I n PSS^JiZv;^^^ 
4 15, 4 1 6<Dmi^^^J^M^"m\ =i>^^ hm4 

[0 112] mmms tmm(o^\::x^x. m 

^E2, E,3<D=i>^^ 1 l^^y'^l^^f^.^ 

U ^«tE2. E3};X^{CpmmM4 1 3^J^f^-t^o 

mm4 0 l<D3Kffi{;in{|il;^— ^ ^y^mm4 14^ 
?f^l*t-ao [g]2 5 . 112 6 . 1L2 

7_<D^i^ \y—^m^^im-t^ r t r>x^ 5o 

[0 113] Z<Dmmm4<DGaAsPm^4 0l\,Z. 

II. (0 0 1) ®^»P> [110] :^\^-^(omMik&ii^4- 
^h^<'r^^tl,:iX^Xh^mm^-^t)m^^tiB<fJ: 

1 Ga I n A s Pm^^fc\tA 1 I n A s Pm^B^i^9 

5/ Kit. misbi^^m\zm\^^t. s:^xm<o^±^m^ 



[0114] -mmm4(D^m^{if^u-^m^\-t. mj^e 2 

5. t^«SJ^E 3 0^&i4^4 0 6<^g^^fe^;6S#i^)^$ix 

'5:i.b(^J:oT. ?&t^^4 0 6O^IiJ^(|iI;ji5J[£:<7:^v). 

i4^j?:$ic^^#E<mi^4 1 3^m^'r^z.t^^x^ 

E 2(D:^TC0m^S4 1 3 ^^.^-f^Z. tt^'^mx. 

mM^'^\^^WL^'^^:Ltf)^x^^. 'mmm4(o^m{^ 

iJ^S::/c«i©(c{g:ilS-r S :i t^X^ So 

[0 115] ^0?J5 
(12 8 (l;$:^^(O^]SS0^!l 5 (O^mW^ if T u>r ^^^T 
mxh^o ^it. d 2 9 HIH 2 8 if r 1^^ 

^O^^^^^^Oil^JGife:^<:0(^^Cffll^6 S i 02-7^^ 5 1 
7c7:>Ji^:|^^^-r[glT^5bSo Jl2_8(l{^m(7:>^^ 

ifr u-ro^am ({12 9 <db-b* miXtD^mm 

\^MJt^\^X\f^^m) T$>So ro^#«!:u-ifTU-< 

[0 116] MAA^^mT^t. ^(Dmm 

m5(0^^mi^\^—'^r\^^\•t. n-GaAsP^t^50 
l±lc:. m^mtX^X. n-GaAsPy<yyT-m5 
02, i^l<On-A 1 G a I n P^^7^y Kg5 0 3. n 
-Ga As PJ^^^^V^ffJh^S 0 4. ^2(7)n-Al 
G a I nP^^75/ K/i5 1 8, T K— T'G a I n Pt^ 
5 0 5, TV K— :7'G a I n A s PfiH4® 5 0 

6, rvK— >^Ga I nP3t?I^^5 0 7, || 1 O p - 
A 1 Ga I nPiJ^yy K®5 0 8, ||2<^p-AlGa 
I nP^v y K^5 1 9, p— G a I n P^T^:^y<>( 
^t^msiO, p-Ga As P^V-^^ h®5 1 1:65 

mMmm^thx\.^^. 

[0 117] wwT\ ^lOp-A 1 G a I n PiJ^^^y 
KS5 0 8^^b|g2 0n-A 1 G a I n P ^ 7 5/ 5 

1 s^xt^-v y'jy^vy-^-f mMm^mm t i^xm 

jg) COiUMd, p-A 1 I n A s Pm46j2^^^5 1 5. 
n-Al I nAs PS*!)ii^^)l5 1 6 (C J:oTS4?)ii* 
nTV^6o ^^c. p-GaAsP3>^i^ h^51 1± 
ten, p{|ijm^5 1 3;j|5^fiJt$tL. ^y-::. S^5 0 ico 

sm-ti. nfflfwia^s 1 4i^mf^^tix\^^^o 
[0 1 1 81 m2 8 (D^m^i^-'fru^(D^^mi^\^ 
--^m^n. Mmm2tmm(o:^m, ^wucio-c, g 

a As P^^5 0 l±\Cf^^^^^n^J:o:it{CX<:>X 
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[0 119] rr-e. mMmsiDmim.^'^:^^ s 1 7 
[0 12 01 mmms(o^y y v-y^ u-^fru-YT* 

[0 12 1] aafie. 

mvh^. *fc. m 3 1 ^t n 3 0 <o¥^i^ u-if r u4 
(D'^mm^(Dm^^^<Dm\^m\^'^ s i 02^^^^^ e 1 

[0 12 2] ig]3 o ^#Bg>-r6 :L(Dmm 

0ij6cO^^(*:U~1fr fi. n-GaAsP^^6 0 
l±{c:, l^^lFUirbT. n-Ga As P/<y:7r-^6 

0 2, ^l(^n-A 1 G a I n P^y :y K^6 0 3, n 
-Ga A s Pcx^i/^^-^ffjh^e 0 4, ^2(Dn-Al 
Ga I nPiJ'^'jy KJ16 1 8, T>'K"-:/Ga I n P^ 
^^S@6 0 5, r>'K— :rGa I nAs P?§ffii6 0 

6, r:/K'-:/Ga i nP^^i&^e 0 7, ^i(?5p- 

AlGalnPiJ'^iyK^eOS. ||2(Z>p-AlGa 

1 nP^y-yVSe I 9. p -G a I n P--^7^d;^^^>< 
^J^i^^^eiO, p-Ga As P=iV^^ h®6 1 1^5 

10 12 3] rr-C. lllCDp-A I Ga I nPiJ'^^/ 
K^6 0 8;6^<b^2(7)n-A 1 G a I n P y :y 6 

jt) <ommi^. p-A 1 I n A s Pffiftii^^^Se 1 5, 
n-Al I n A s PS*!>iZi^e6 1 6{Cj:oTS»6iZs* 
ixTV>^>o ^fc. p-Ga As P=i>'i$r>jr 1 IJ- 
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